Abstract. PEMFC (proton exchange membrane fuel cell) Stack temperature control system is a strong-coupling system with characteristics of time-change, long-hysteresis, uncertainty and nonlinear. The dissertation studied PEMFC stack temperature control used by BP neural network controller which has a good control quality and a low degree of demand for model. In the Matlab platform, the model of the electric reactor temperature control system is established and compared with the traditional PID. It has been proved that BP neural network control system has very good robustness and control quality and it meet the demand of PEMFC stack temperature control system.
Introduction
In various types of fuel cells, PEMFC has many unique advantages, and has become the most rapidly developing fuel cell in recent years. In the past, the research on PEMFC has focused on the improvement of the chemical properties of the electrolyte membrane, the decrease of the platinum catalyst, the change of the structure of the membrane electrode, the enhancement of anti CO, the ability and the preparation technology, with the advent of commercialization, the control technology of PEMFC becomes an important issue.
PEMFC Stack Temperature Control Model
The overall temperature and temperature distribution in the PEMFC Stack is an important control object of the fuel cell test system, and also the most important research object in the PEMFC Stack.
The heat generated by the electrochemical reaction can be approximated as:
V is the equivalent single battery output voltage when the chemical energy is converted to heat energy. The heat taken away by the Stack cooling is:
is the flow of cooling fluid in the unit time, ∆ is the temperature difference in the cycle. The temperature model of the PEMFC Stack is:
, , are hydrogen, oxygen and coolant flow; is the working temperature of the stack. After identification and simplification, the n-order plus pure delay model are obtained: 
Structure Design of Control System
Analysis of the mathematical model of the temperature control system, BP neural network is used to construct the PID controller, as shown in Fig.1 . Fig.1 PEM neural network stack temperature control system PID Control Algorithm for Integral Separation. Fuel cell temperature control is a slow process, which has long-hysteresis. In order to prevent the integral term in the controller, the PID control algorithm with integral separation is adopted, which can be expressed as:
is the actual sampling rate, β is the integral term of the switching coefficient. β values are as follows:
PID Control Algorithm for BP Neural Network. , and are considered to be dependent on the adjustable coefficient of the system running state. The Eq.5 is described as:
So the operating parameters and the state of the whole control system can be adjusted by BP neural network to find an optimal control law.
Simulation of Control System
In this paper, the controlled object is the n-order plus pure delay model. We select the parameters of the transfer function of the class 1kw PEMFC Stack is:
Simulation Results of BP Neural Network PID Control. BP neural network control is performed under the same experimental conditions. The three layer BP neural network is used for 4-5-3, the weighted coefficient matrix of the hidden layer to the output layer is . The connection weight matrix of the input layer to the hidden layer is . The initial value is: In this paper, the interference is amplitude 0.2 step signal, and the signal is added at 500th ~ 510th time intervals. Used to compare two control modes for anti-jamming ability and recovery ability of given interference. Simulation results after given interference as shown in Fig.11 . From the Fig.11 , we can clearly see that the disturbance rejection capability of the neural network PID for a given disturbance is obviously superior to the traditional PID control.
Conclusion
In this paper, the PID control method based on BP neural network is proposed for the temperature control of PEMFC Stack, and in the test system are compared with the traditional PID control system. The design of the controller so that the system's overshoot, the Regulation time, the rise time and other performance indicators are within the allowable range, and more in line with the PEMFB Stack temperature control of this class of degeneration, long-hysteresis, uncertainty and nonlinear system with strong coupling.
